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In recent years, the study of movement analysis with the application of dedicated advanced technologies, such as 
inertial technologies, has also become essential in scientific research of sports disciplines such as martial arts and 
combat sports, to better define the real dynamics of technical components in order to adapt the training design. A great 
number of studies in the literature have focused on the kinematics of circular kick in combat sport and martial arts but 
a relatively small number have focused on the kinetic and kinematic analysis of Muay Thai and especially its circular 
kick technique. This study aims to highlight instrumentally the quality of circular kick gesture and through which 
segmental motor dynamics it achieves its greatest effectiveness, evaluating the accelerations and execution times of 
the different body segments involved in technical execution itself obviously in a performative sense. It is important to 
note that the inertial data shows that both knee and ankle have an increasing linear velocity greater than the hip in the 
preparation and execution phase, while for the angular velocity in the execution phase it is the hip that has higher 
acceleration than the knee and ankle. These results, therefore, highlight the basic importance of intra-articular and 
intramuscular coordination processes that allow or not linearity and fluidity of movements that are the basis to obtain 
maximum intersegmental performance in order to deliver maximum acceleration in the apical point of the shot and thus 
have the maximum effectiveness of hit and therefore the optimal performance. 
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Muay Thai (MT) is a martial art, combat sport, and ancient Thai wrestling technique, it is also known as the 
"science of the eight arts" because it allows the two contenders facing each other to use combinations of 
punches, kicks, elbows, and knees, thus using eight parts of the body as points of contact compared to the 
two in boxing (Turner, 2009). The scientific study of Muay Thai (MT) is young and not very consistent in the 
literature, such a lack of scientific data clearly represents an obstacle in the optimal preparation of this 
discipline which, like others, bases its planning substantially on empirical, experiential data that have high 
margin of subjectivity and therefore often also of error. The first analysis on the kinetics and kinematics of 
kicks in MT was conducted by Sidthilaw (1997) by analyzing a circular kick through an accelerometer. 
Subsequently several studies on the kinematics of circular kick in MT conducted by Young (1991), Kim et al. 
(2010), Aaron J (2015) and Chinnasse C. et al. (2017) have greatly expanded knowledge in this area. In MT, 
basically three categories of techniques are used such as punches, kicks, and knockdowns, this is called 
"combination of techniques" (Siesto, 2007). For the purpose of an adequate analysis of the sports 
performance, it is essential to highlight elements of the performance model (Izzo R., 2011), such as execution 
times, the biomechanical structure, the energy metabolisms involved, as well as of course the technique and 
some strategy notes. Combat sports are physiologically definable as hybrids, which means that they involve 
all three energy systems to varying degrees and always require an optimal combination of various 
neuromuscular and metabolic abilities including strength, power, aerobic capacity, and endurance. From a 
metabolic point of view, MT can be defined as an intermittent sport with a high commitment, with phases of 
maximum or supra-maximal intensity spaced by short recoveries and with great involvement of both aerobic 
metabolism and anaerobic glycolysis (Crisafulli et al, 2009). Strength and its derivatives, fast, resistant, and 
explosive characterize a MT athlete and is crucial during combat because a large number of skills depend 
directly on it. Ring sports are sports for the most part of a "ballistic" nature; both the cardiovascular system, 
the osteo-articular and muscular system are put to a severe test, and this is also the reason why, in our 
opinion, it’s crucial to work carefully in the preparation of the athlete with truthful, controllable, possibly 
detected parameters in "LIVE" to optimize and direct the execution of the different series and repetitions of 
the exercises during the work (Altavilla et al., 2018, D’Isanto et al., 2019). 
 
Types of kicks 
Between the many types of kicks, we have studied the medium circular kick, or "middle kick" (Figure 1), it is 
performed by moving the leg in a semicircular or circular trajectory by striking with the ankle or tibia. It can 
also be done in reverse with the heel. Usually, you aim at the opponent's face or torso rather than at the legs. 
The circular kick develops considerable power. A variant of this technique is the whipped kick, faster and with 
a less marked trajectory, with less power but still useful if used at the right time (Bos et al, 1993, Nakayama, 




Figure 1. “Middle Kick” from: http://getdrawings.com/ 
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State of the art 
Mohamad et al. (2017) in their systematic review "sports science-based research on the sport of MT: a review 
of the literature", found that their systematic study of the combat sports literature did not produce a 
satisfactory number of scientific articles for regarding MT. Such a lack of scientific data could represent an 
obstacle in the optimal preparation of this discipline which, like others, bases its planning exclusively on 
empirical, experiential data that brings with it a high margin of subjectivity and therefore often of error (Kim 
et al., 2010, Izzo et al., 2018,). It is easy to think that a more careful analysis of the different performative 
variables would lead to a higher and more scientific elaboration of the work project. Out of a total of 286 
articles, (De Cesari, 2009, Mohamad et al., 2016) only eight (8/286 - 2.8%) analyzed the objective 
measurement systems of sports performance in combat sports. This underlines that the application of 
technology for movement analysis in these disciplines is little studied at a scientific level and in fact shows a 
considerable delay in the application of the same in a more systematic way to obtain a work system that is 
certainly updated, appropriate and performing. Worsey et al. (2018) carried out a review of the literature for 
the analysis of the performance of combat sports athletes, which summarizes the history of use of combat 
sports sensors specifically. Having said this, it should be emphasized that the first analysis on the kinetics 
and kinematics of kicks in MT was conducted by Sidthilaw (1997) by analyzing a circular kick using an 
accelerometer placed inside a bag (hitter). In addition to defining a peak force (14,000 N) for a circular MT 
kick, this study analyzed the kinetics and kinematics of three height levels of MT kick, highlighting that middle 
kick generates the maximum power. During the study it was observed that the linear speed of the circular 
kick reached the maximum speed (7.1 m/s) at 0.48 seconds before impact. A further study by Aaron J. (2015), 
also related to kinematics, determined the factors most closely related to a high-speed circular kick, in which 
it was hypothesized and confirmed that the speed during the execution phase before impact is the most 
influential factor. The three-dimensional analyzes were obtained with a camera system that uses an infrared 
frequency range by recording the coordinates of the markers. Chinnasse C. et al. (2017), examined the 
kinematics of the lower limb during the circular kick in MT, both of the dominant and non-dominant leg, with 
beginners. (Motion Analysis System [Vicon T10s, Oxford Metrics, UK], based on Plug-in-Gate Marker Set, 
with 29 reflective markers affixed to participants. Colin J. Garavan and Mark GL Sayers (2017), were the first 
to verify differences in leg kinematics in circular kick performed by experts in MT, Karate and Taekwondo. 
Several authors such as Roberts et al. (1994) studied the dynamics of the kicking leg, analysing linear 
velocities of the foot and angular velocities of the hip and knee, carrying out research on the kinetics and 
kinematics of kicks with the aim of identifying the effectiveness of techniques in the various martial arts. The 
study of the speed of the gesture, both linear, of some parts of the body, and angular of the joints considered 
to be the most interesting, can give an indication of the performance of the gesture (Witte K. et al., 2007, 
Landeo, 2007). In Taekwondo the study by Soresen H. et al. (1996) instead provided information on the 
timing of the thigh-leg segment of the kicking limb. The tools used were a high-speed video camera (200Hz) 
and an electromyograph. The study showed that during the execution of the kick the leg intervenes after the 
action of the thigh and that it is the rapid action of the knee that slows the flexion of the hip. 
 
MEANS AND METHOD 
 
Among the four offensive skills of Muay Thai, the circular kick is the most dangerous weapon with which to 
hit the opponent (Young, 1991) and can be divided kinematically into several essential components: turning 
the hips, turning the support foot, swing the arms and strike with the lower tibia or instep (Young, 1991). The 
circular kick is the most used athletic gesture in martial arts matches due to its usefulness in both attack and 
defense, its short execution and high probability of scoring (Kim et al. 2010). The circular kick in its three 
executions generates multiple levels of force for the three main targets, such as, the thighs, the trunk, and 
the head (low kick, middle kick, high kick) and the athlete to get more strength on impact, must take into 
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consideration both the four essential components (preparation-execution-impact-return) and the linear and 
angular velocity of the kicking leg (Del Vecchio et al., 2015). Although we are aware of the statistically 
insignificant number of the sample, we would like to underline that the work is highlighted as a pilot application 
of the latest generation inertial tool to evaluate its effectiveness and, in the positive case, to extend the 
application to a larger sample (Mathie et al., 2004, Montoye et al., 1996, Silva et al., 2011). The primary 
purpose of this work is therefore to acquire specific data on the physical characteristics of circular football in 
MT to assess whether the acquired parameters prove to be significant, however, not yet clearly defined in 
the literature, for the revision of the specific model of sport, and for the construction of the training work more 
closely related to the real performance indices of the sport under investigation (Altavilla et al., 2019a, b, 
Raiola et al., 2020). Define and analyze the acceleration of the hip, knee, and ankle during the execution of 
the attack with the medium circular kick (middle kick). We consider it useful to remember some points of the 
studied technique referring to its biomechanics: 
• Preparation phase; The body must lean forward noticeably, while performing a semi-twist in the 
opposite direction to that of the kick, for good balance and correct retraction of the striking foot. The 
starting position is very important in the execution of the technique: it must be constituted in such a 
way that the body is arranged in a correct sagittal split and the heels each lie on the perpendicular 
to the vertical line that passes through the most lateral point of the pelvis from it. side, while the feet 
will be equal to the width of the pelvis. The trunk naturally orients itself in a semi-frontal position in 
relation to the opponent's location in space. It is necessary to have the foresight to look towards the 
opponent and keep it on him throughout the execution of the blow. This not only for tactical reasons 
to control the opponent's actions, but also to avoid rotational movements at the level of the column 
that could cause dispersion of kinetic energy. Both the front and rear legs must be semi-bent (Park 
et al., 1989, Camomilla et al., 2018). From the on-guard position, the weight of the body is moved to 
the front limb by simultaneously rotating the support foot counterclockwise, this allows us to rotate 
the pelvis and the trunk in the same direction, so as to rotate the hip and simultaneously extend the 
kicking leg. The lower limbs must be in sagittal divarication. This trick is done to give greater power 
to the circular kick, so it may be useful to project the pelvis in a direction that recalls the trajectory of 
the kick itself (the trajectory of the part of the body that strikes). To do this, it is necessary that one 
limb is advanced with respect to the other, so that the extension of the rear leg (which is semi-bent 
part) causes a movement of the pelvis towards the front. 
• Execution phase, When the rear leg has performed the deadlift and has started to move towards the 
target, the weight of the body, which was previously partly distributed on the rear leg, must be 
transferred entirely to the front leg, the supporting leg. For this to happen, the trunk must perform a 
forward movement, that is, towards the opponent. This is the internal rotation (intra rotation) of the 
pelvis (contraction of the oblique abdominal muscles). This is the movement that contributes most 
significantly to giving the circular trajectory characterizing the shot. However, this movement must 
coordinate very accurately with the other elements that intrinsically make up the entire blow, because 
if this were not the case, energy dispersions would occur, the rotation of the pelvis must begin during 
the leg extension movement and must end at the moment impact with the target to simultaneously 
express both stable balance and maximum power transfer (Roetenberg, 2006, Zyona et al., 2012). 
Next, the previously bent kicking leg must extend so that it reaches the target almost fully straight. It 
will not fully extend before reaching the target because if this is done the power generated by the 
quadriceps femoris will be exhausted by the action of the antagonists (Silva et al., 2011). 
• Return Phase; The movement of rotation of the pelvis and of adduction and extra-rotation of the thigh 
to return to the starting position in which the limb that was previously posterior here becomes anterior 
and vice versa. Then the kicking leg can be lowered to regain contact with the ground in the on-
guard position. 
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The instrumentation used was K-Track (K-Sport Universal, Stats Perform, Italy), whose data were processed 
through the dedicated software of the same company, K-Fitness. The latest generation K-Track inertial 
sensor with 4000Hz potential is equipped with an accelerometer, a gyroscope, and a 3D magnetometer, 
integrated and have been used at a calibration of 100Hz for better coordination between the instruments. 
The IMU, given its weight of 25 grams and very small measures (a USB memory stick) did not affect the 
athlete's movements in the least. For our research, only the accelerometer and the triaxial gyroscope were 
used as the magnetometer, calculating the orientation and direction of the subject, was not used due to its 
directional function which is irrelevant for the study in question. The device was worn, in its various locations 
(ankle, knee, hip), using a belt, a knee brace and an anklet that were chosen for the best stabilization and 
safety of the instrument and the athlete. The study took place in a gym with the ground covered with an 
approved 4 cm thick tatami. The first trick was to place some tape on the bag to be hit at a height proportional 
to the height of the athlete who performed the stroke, that is 1.03 m, measured from the ground. As for 
clothing, the subject was barefoot, as is the case during official competitions and wore MT shorts and a tank 
top. The subject anthropometric values were detected: height, weight, and length of the lower limbs’ length. 
Before the test, the athlete was informed of the measurement procedures and the complete test. 
Subsequently, the subject autonomously began a 10-minute warm-up, with free exercises suitable for 
obtaining a good performance of the gesture requested, specific usefulness exercises for the test and pre-
competition practice (Di Stefano, 2004, Kyrolainen et al., 2005). 
 
Table 1. Anthropometric values. 
Height Weight Experience Age Gender Low. Limb Lgth 
1.67 m 60 Kg 9 anni 28 F 96 cm 
 
The protocol required as a starting position to assume the "guard position", that is, with the kicking leg 
dominant in the back, the arms high in the defense position and to start the gesture from standing at the start 
with maximum speed and then after having hit the target, quickly return to the starting position. At the end of 
the warm-up, seven repetitions of kicks were performed for each joint analyzed: hip, knee, and ankle, then 
21 actions. Between one set of kicks and the next, the athlete performed a 2-minute recovery. The test took 
place with artificial lighting and with the maximum possible silence and with an ambient temperature of the 
gym of 20 degrees centigrade (Halil et al., 2010). 
 
DATA ANALYSIS AND DISCUSSION 
 
The data obtained from the inertial sensors in terms of speed, angular velocity, acceleration, and deceleration 
regarding the execution of the circular kick in the MT were analyzed using the K-Fitness software (K-Sport 
Universal, ITA). The data were downloaded to a PC from the instrument memory after the tests. The data 
from the accelerometer and gyroscope, to analyze acceleration and angular velocity during the Muay Thai 
round kick, were then placed side by side with the video recordings of the technical gesture to better visualize 
the motor task (Loong et al., 2011, Martorelli, 2013). 
 
Comparative analysis Synchronized video / IMU 
The recorded videos were analyzed to identify the characterizing moments of the football movement. The 
frames were then extracted from the video with a duration of 7 seconds, taken by a camera with a sampling 
frequency of 100 Hz. The frame relating to the moment of impact of the foot on the bag was identified as 
moment 0, so it was the observation was focused on the previous 100 frames and on the 100 following ones. 
The dynamics of the analyzed gesture envisaged that the subject during the measurements started from the 
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static defense position, with the dominant leg retracted as in the following images. Based on these events, 3 
main phases have been identified, summarized in the following Table 3. 
 
Table 2. Stroboscopic succession of the middle kick technique. 
N° Frame Event N° Frame Event 
1° 
 








Start of loading 6° 
 




Start of execution: 
- Deadlift of the 
kicking foot 
- Body rotation 
- Knee flexion 
- Ankle extension 
7° 
 
Beginning of the return 
4° 
 
Max knee flexion - 
start of knee extension 
8° 
 
Footrest on the ground 
(starting position) 
 
Table 3. Three phase of middle kick technique. 
Phase Start Event Final Event 
1.Preparation Phase Start of loading Deadlift of the kicking foot 
2.Execution Phase Deadlift of the kicking foot Impact with the bag 
3.Return Phase Impact with the bag Footrest on the ground 
 
Linear acceleration 
As mentioned above, the acceleration data along the three main axes: X, Y, Z, according to the convention 
described above and associated with a point of interest, allowed us to measure the kinematics of the motor 
task under consideration. From these, the intensity value of the acceleration vector was calculated starting 
from its three components in each instant of time recorded, for each kick and for each joint studied. To do 
this, the following formula was used: 
 
𝐴 = √𝐴𝑐𝑐 𝑋² +  𝐴𝑐𝑐𝑌 ² +  𝐴𝑐𝑐 𝑍² 
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Where Acc x, Acc Y and Acc Z, represent precisely the three vector components of acceleration. For all 
measurement groups, the point with maximum acceleration has been located, taken as a reference, and set 
in a new time axis at instant 0. This peak will represent the instant of impact of the leg on the bag, as also 
shown by the frames. In processing the data, for each kick performed, a set of 201 measurements was 
therefore taken into consideration, 100 measurements before the acceleration peak and 100 after, for a total 
of about 2 seconds of test sequence. In this way, for each joint, the average acceleration value over time of 
the seven kicks performed and the standard deviation were measured. The first expresses a representative 
value of the measurements, represented by the seven tasks recorded, while the standard deviation quantifies 
the dispersion of the values of a parameter at a given instant. Both of these indices made it possible to 
characterize the kick in question. The figures (1, 2, 3) shown below show the results relating to the average 
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Figure 3. Linear Acceleration –Ankle. 
 
Angular velocity 
Similarly, to linear acceleration, for the angular velocity, which is the ratio between the described angle and 
the time interval used to describe it (rad / s), we have identified the intensity of the angular velocity from its 
components. We calculated the intensity of the angular velocity for each instant of time of all seven kicks and 
for each joint. To get this value, the following formula was used which is composed of its three vector 
components: 
 
𝑉 =  √𝐺𝑦𝑟𝑜𝑋2 + 𝐺𝑦𝑟𝑜𝑌2 + 𝐺𝑦𝑟𝑜𝑍2 
 
Subsequently, the various executions of each joint and each kick were averaged, finding the respective 
values. The figures below (4, 5, 6) show the relative results of the average angular speed over time during 
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The figures of the average acceleration for the three anatomical landmarks were aligned with the 
considerations on the motor task made by observing the frames from the videos. The mean acceleration 
values, in m/s², of the seven kicks for each joint in correspondence with the main events are described in the 
following Table 4. 
 
Observing the various phases, the following behaviors are noted: 
• Preparation phase (I): In this phase, an increase in acceleration can be observed regarding the hip 
due to the preparation for the execution of the kick itself; the knee and ankle have a point of maximum 
acceleration at the same instant of time corresponding to the previous load-bearing movement in 
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• Execution phase (II): The knee has a tendency of increasing acceleration probably due to the 
initiation and maintenance of the extension of the leg that precedes contact with the target; observing 
the peak, it can be seen that the maximum acceleration recorded in the hip has a much lower value 
than the knee and ankle which, on the contrary, record values that are very similar to each other. 
• Return phase (III): The acceleration simply decreases in all joints. In this phase it is easy to see that 
the standard deviation, an important aspect regarding the dispersion of the data samples, is greater, 
which means that the kicking leg recall gesture was not performed in a homogeneous and equal 
manner for all kicks, this aspect is probably given by the fact that the subject performs this phase 
passively. 
 
Table 4. Time acceleration values. 
 Phase I Phase II Impact Phase III 
Time - 0.3 s - 0.22 s 0 s 0.46 s 
Hip (m/s2) 1.72 2.81 4.7 1.3 
Knee (m/s2) 3.19 3.71 12.76 2.06 




Figure 7. Acceleration values. 
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Phases of kick and angular velocity 
The figures of the average angular velocity for the three anatomical landmarks were aligned with the 
considerations on the motor task made by observing the frames from the videos. The result is visible in Table 
5. The values of the average angular velocity, in rad / s, of the seven kicks for each joint at the main events 
are described in the following table. 
 
Table 5. Time angular speed values. 
 Phase I Phase II Impact Phase III 
Time - 0.3 s - 0.22 s 0 s 0.46 s 
Hip (rad/s) 175 333 179 182 
Knee (rad/s) 151 257 826 195 




Figure 8. Angular speed values. 
 
Observing the various phases, the following behaviors are noted: 
• Preparation phase (I): there is an increasing increase in angular velocity in all three joints. 
• Execution phase (II): The hip has a very strong angular acceleration for which the speed is increasing 
when the subject rotates 90 ° counterclockwise; the knee and ankle have an increasing trend of 
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angular velocity after which the latter decreases because there is no longer a rotation movement but 
becomes linear, in the moments preceding the impact. As regards the standard deviation measured 
between the samples under examination, it is noted that high values are recorded in the knee, 
probably due to the flexion-extension movement of the knee itself during execution. 
• Return phase (III): In each joint there is an important peak of angular velocity, in the hip shortly after 
the impact being the first one that rotates it gives the push for the leg recall while for the knee and 
ankle this peak it is approximately 0.2 seconds after impact which represents the true rotational 
movement of the leg before the kicking foot lands. As for the standard deviation, also in this case it 
is greater in the knee probably for the same reason explained above. 
 
Impact strength considerations 
Having a measurement of the angular acceleration of the ankle at the moment of impact of the limb against 
the target allowed us to consider the force transferred to the bag. Strength is defined as: 
 
F = m ∙ a 
 
Where m represents the mass acting in kg and a its acceleration evaluated in m/s². In this case, for the 
calculation of the impact force, the acceleration of the ankle at instant t = 0 was considered, while the following 




Figure 9. (https://ita.calameo.com) 
 
It is evident that a leg has a mass about 4 times greater than an arm, so a leg strike and a punch strike will 
have the same momentum in the event that the punch technique has a speed four times that of the kick. and 
the same kinetic energy if the punch is twice as fast as the kick. In our case, the entire mass of the lower limb 
was considered as the acting mass. Therefore, considering the subject with a mass of 60 kg, the mass in 
question will be equal to 12.53 kg (Figure 9). The acceleration of the ankle at the moment of impact, as 
previously written, is equal to 12.39 m/s2. The impact force, taking these approximations into account, will 




In this study on the average circular kick in Muay Thai, the inertial sensor was used to evaluate the linear 
acceleration and angular velocity trend over time of three fundamental anatomical landmarks of the lower 
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limb: hip, knee, and ankle. The analysis was initially conducted by observing the recordings made during the 
test from which fundamental events of the football motor task were identified, from which three specific 
phases were subsequently defined: preparation phase, execution phase and return phase. The values of the 
acceleration and angular velocity over time were then detected and then accompanied, in sync, to the 
analysis made on the frames and identify the acceleration and angular velocity values in the main instants. 
Following the considerations concerning the kinematics of football by observing the figures obtained for each 
reference point taken into consideration. Preparation phase, i.e., the taking of the loading of the leg; execution 
phase, i.e., the beginning of the athletic gesture; return phase, i.e., the support of the foot. In the preparation 
phase there is an increase in hip acceleration; the knee and ankle have a point of maximum acceleration at 
the same instant of time which corresponds to the load taking movement. In the same phase the angular 
velocity shows an increasing increase of angular velocity in all three joints. In the execution phase, the knee 
exhibits an increasing acceleration probably as a preparation for impact and therefore contact. The 
acceleration peak of the hip has a much lower value than the knee and ankle which, on the contrary, record 
similar values. The hip has a very strong angular acceleration which indicates an increase in speed. The 
knee and ankle have an increasing trend and then decrease because there is no more rotation movement, 
but it becomes linear in the moments preceding the impact. In the return phase, the acceleration decreases 
in all joints. In each joint there is an important peak of angular velocity, in the hip just before impact being the 
first joint that rotates and gives the push for the leg recall while for the knee and the ankle this peak is located 
at 0.2 seconds after the impact which represents the true rotational movement of the leg before the kicking 
foot lands. Finally, considerations on the force of impact were also made thanks to the processing of data 
from the applied instrument. Obviously, as mentioned, the study presented on a single athlete has no claim 
to evidence on the subject matter, for clear reasons of insufficient numbers of the sample from a statistical 
point of view, but the focus of the research was essentially to establish whether and how much the inertial 
technology of the latest generation used was applicable and what results could be useful for crossing 
elements of qualification and optimization of Muay Thai training in a performative function (Di Domenico et 
al., 2019a,b). It is clear that all of this was very effective, allowing us to establish a kinematic "wave" of the 
technical gesture that allowed an analysis of the moments as qualifying the success and its quality. It seems 
to us that this will allow the technical staff to rework the exercises on the same technical gesture with an 
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